Objectives: Adjuvant radiation therapy (RT) is indicated for patients with salivary gland malignancies with risk factors for recurrence following resection. We analyzed patients treated with adjuvant RT with or without concurrent chemotherapy to determine the impact of prognostic and treatment factors.
P rimary salivary gland malignancies (SGM) are a histologically diverse group of rare tumors with an estimated incidence of 1.3 per 100,000 in the United States from 2009 to 2013. 1 Due to the rarity of these malignancies, there is a paucity of randomized evidence guiding their management. Surgical resection has been the mainstay of definitive treatment of operable tumors, and adjuvant radiation therapy (RT) is reserved for patients at significant risk for recurrence based upon the presence of adverse pathologic risk factors. 2 Multiple trials have demonstrated the benefit of the addition of concurrent chemotherapy to RT for the definitive management of squamous cell carcinomas of the nasopharynx, larynx, hypopharynx, and other head and neck sites. [3] [4] [5] [6] [7] Postoperative concurrent chemoradiotherapy (CRT) has also been shown to improve localregional control (LRC) and progression-free survival (PFS) in the Radiation Therapy Oncology Group (RTOG) 9501 trial of patients with high-risk resected head and neck cancers and was associated with an overall survival (OS) benefit in the parallel European Organisation for Research and Treatment of Cancer trial. 8, 9 Although the role of concurrent CRT is well established for most head and neck sites, its use in primary SGM is largely based upon extrapolation from squamous cell carcinoma data, retrospective evidence, and institutional experience. A matched-pair analysis of patients with locally advanced salivary gland carcinomas appeared to demonstrate an OS benefit among patients receiving adjuvant chemoradiation compared with radiation alone, particularly among patients with adenocarcinoma or salivary ductal carcinoma histologies. 10 This finding is contradicted by a later retrospective series that failed to demonstrate improved outcomes with the addition of chemotherapy. 11 Although the efficacy of concurrent chemotherapy for squamous cell carcinoma is demonstrable, it remains unclear whether this benefit extends to salivary gland histologies or merely increases the toxicity of an already intense treatment regimen. We report the outcomes of a series of 128 consecutively treated patients with primarily resected SGM undergoing adjuvant intensitymodulated radiation therapy (IMRT) with or without concurrent chemotherapy including a subset analysis of patients at high risk of recurrence as defined by RTOG 1008. 12 
MATERIALS AND METHODS

Patient Population
This retrospective study was approved by the University of Pittsburgh Cancer Institute Institutional Review Board. The records of all patients treated for SGM in the UPMC Cancer Center network between September 2002 and March 2015 were retrospectively analyzed. This study included only patients with primary major or minor SGM as defined by the World Health Organization classification system. Salivary gland squamous cell carcinomas were not included due to the rarity of this entity and the difficulty of distinguishing primary carcinomas from metastatic tumors from cutaneous and other head and neck sites. Individual tumors were staged using the American Joint Committee on Cancer 7th edition staging guidelines. Toxicities were graded according to Common Terminology Criteria for Adverse Events version 4.0.
The study included patients undergoing definitive surgical resection followed by adjuvant RT. Patients treated with definitive RT, with gross residual tumor following surgery, with recurrent disease after primary management, or with distant metastatic disease upon presentation were excluded from analysis. Decisions regarding adjuvant management were made by the treating physicians in a multidisciplinary manner based upon clinical and pathologic characteristics.
Statistical Analysis
The primary study outcome was PFS, which was defined as time from surgical resection to local-regional (LR) recurrence, distant metastasis, death, or last follow-up. Secondary measures include LRC, freedom-from distant metastasis, OS, and acute and late treatment-related toxicity. Toxicity was retrospectively graded using CTCAE version 4.0. The KaplanMeier method was utilized to estimate the rates of PFS, LRC, distant control, and OS. Associations of patient factors with outcomes were assessed with the log-rank test. Multivariable Cox regression analyses were performed of patients with complete pathologic data to evaluate factors associated with primary and secondary outcomes. Factors with a Pr0.1 were included as covariates. Factors associated with concurrent chemotherapy use were assessed using binary logistic regression. Relationships with outcomes were summarized with hazard ratio (HR) and the 95% confidence interval (CI). Statistical significance was determined at the 5% level. Statistical analyses were conducted using IBM SPSS version 23.
A subset analysis was performed of 54 patients considered at high risk of recurrence as defined by the inclusion criteria from RTOG 1008. 12 This cohort included patients with intermediate-grade to high-grade mucoepidermoid carcinoma or adenocarcinoma, high-grade salivary ductal carcinoma, acinic cell carcinoma, or adenoid cystic carcinoma ( > 30% solid component) and who had one of the following risk factors: stage T3-T4, lymph node involvement, or close (r1 mm), or positive surgical resection margins. This subset was analyzed for rates of PFS and LRC utilizing the above statistical methods.
RESULTS
Patient and Treatment Characteristics
During the study period, 328 patients with SGM were treated with RT. Three patients were excluded for insufficient data, 4 for distant metastatic disease, 79 for nonprimary salivary gland histologies, and 114 for receiving RT as primary management, for recurrent disease, or with palliative intent. A total of 128 patients were eligible for analysis.
The median age was 60.5 (range, 18 to 93) years, and 56.3% of patients were male and 43.8% female. The study included 24 (18.8%) patients with mucoepidermoid carcinoma, 24 (18.8%) with salivary ductal carcinoma, 23 (18.0%) with adenoid cystic carcinoma, 17 (13.3%) with adenocarcinoma, 14 (10.9%) with acinic cell carcinoma, 13 (10.2%) with epithelial-myoepithelial carcinoma, 12 (9.4%) with carcinomaexpleomorphic adenoma, and 1 (0.8%) with lymphoepithelial carcinoma. In total, 104 (81.3%) patients had parotid malignancies. A total of 66 (51.5%) patients had stage III to IVB disease. The study population included 128 patients treated with macroscopically complete surgical resection, of which 68 (53.1%) underwent a surgical neck dissection. All patients were treated with adjuvant IMRT to a median dose to the primary tumor bed of 66 Gy (range, 45 to 70.2 Gy). In total, 106 (82.8%) patients received IMRT to at-risk nodal regions to a median dose of 50 Gy. A complete listing of patient and treatment characteristics is included in Table 1 .
Concurrent Chemotherapy Utilization
In total, 28 (21.9%) patients were treated concurrently with chemotherapy regimens including 14 (10.9%) with carboplatin and paclitaxel, 6 (4.7%) with cisplatin, 5 (3.9%) with carboplatin, 1 (0.8%) with paclitaxel, 1 (0.8%) with docetaxel, 1 with (0.8%) cetuximab. The use of concurrent chemotherapy was significantly associated with male sex (P = 0.027), T-stage (P = 0.05), N-stage (P < 0.001), histology (P = 0.006), grade (P = 0.015), perineural invasion (PNI) (P < 0.001), lymphovascular space invasion (LVSI) (P < 0.001), extranodal extension (ENE) (P < 0.001). On multivariable analysis, the use of chemotherapy was only associated with salivary ductal carcinoma histology (HR, 5.63; 95% CI, 1.37-23.17; P = 0.017).
Toxicity
Acute toxicity data were available for 119 patients. A total of 39 (32.8%) patients experienced grade 1 symptoms as their highest graded acute toxicity, and 65 (54.6%) patients experienced a maximum of grade 2 acute toxicity. The most common acute adverse events included mucositis and xerostomia. Only 14 (11.8%) grade 3 toxicities were reported, consisting of 12 patients needing feeding tube placement and 2 patients with moist skin desquamation. The one grade 4 toxicity consisted of an intensive care hospitalization within 2 months following treatment secondary to dehydration, electrolyte abnormalities, and aspiration pneumonia. There was no statistical difference in the rates of grade 3 or higher acute toxicity with the use of IMRT alone versus concurrent chemotherapy (P = 0.183). Late grade 1 toxicities were reported in 66 patients, and late grade 2 toxicities were reported in 16 patients. No late grade 3 or higher toxicities were reported.
Outcomes
The median follow-up among living patients was 53.5 (range, 9 to 162) months. The overall 5-year PFS rate was 61.2%. Factors significantly associated with decreased PFS on univariate analysis included elevated T-stage, elevated N-stage, positive surgical margins (SM), adenocarcinoma, adenoid cystic and salivary ductal histologies, high grade, PNI, LVSI, ENE, and neck dissection ( Table 2) . Use of concurrent chemotherapy was associated with decreased PFS on univariate analysis (Fig. 1) . On multivariable analysis, only T-stage, positive SM, and ENE-retained significance, (Table 3 ) and use of chemotherapy was no longer detrimental. The crude LR recurrence rates were for 17.4% for adenoid cystic carcinoma, 11.8% for adenocarcinoma, 12.5% for salivary ductal carcinoma, 16.7% for mucoepidermoid carcinoma, 7.1% for acinic cell carcinoma, and 7.7% for other histologies. The overall 5-year LRC rate for the entire cohort was 85.8%. Factors significantly associated with decreased LRC included T-stage, and margin status. There was a trend toward significance for PNI (P = 0.079) and LVSI (P = 0.06). Positive SM (HR, 14.01; 95% CI, 1.85-106.22; P = 0.011) was the only factor associated with decreased LRC on multivariable analysis.
The 5-year distant control rate was 76.5%. Male sex (P = 0.002), nonparotid tumor site (P = 0.021), elevated nodal stage (P < 0.001), salivary ductal carcinoma, and adenocarcinoma histologies (< 0.001), grade (P = 0.010), PNI (P = 0.047), LVSI (P = 0.043), ENE (P < 0.001), and use of chemotherapy (P < 0.001) were associated with increased rates of distant metastasis on univariate analysis. On multivariable analysis,was ENE (HR, 7.39; 95% CI, 3.05-17.88; P < 0.001). The 5-year rate of OS was 73.7%. Factors associated with decreased survival included age 60 and above (P = 0.003), high T-stage (P = 0.015), high N-stage (P < 0.001), salivary ductal carcinoma, and adenocarcinoma histologies (P < 0.001), high grade (P = 0.038), LVSI (P = 0.008), ENE (P < 0.001), and use of chemotherapy (P = 0.038). On multivariable analysis, only advanced age (HR, 2.93; 95% CI, 1.28-6.69; P = 0.011), and ENE (HR, 3.48; 95% CI, 1.53-7.87; P = 0.003) retained statistical significance for decreased survival. Use of chemotherapy was neither beneficial nor detrimental to any outcome on multivariable analysis.
High-risk Subset Analysis
A total of 54 patients were included in the subset analysis based upon histology, grade, and the presence of high-risk features. The 5-year rate of PFS among these patients was 45.1%. Factors associated with decreased PFS on univariate analysis included male sex (P = 0.032), LVSI (P = 0.038), ENE (P = 0.013), and mucoepidermoid histology. There was a trend toward significance for positive margins (P = 0.061) and salivary ductal histology (P = 0.059). Chemotherapy was received by 18 (33.3%) patients. On multivariable analysis, only ENE was associated with decreased PFS (3.1; 95% CI, 1.18-7.95; P = 0.021). Chemotherapy was not significantly associated with PFS (Fig. 2) . The 5-year rate of LRC among this subset was 76.7%. On univariate analysis, positive SM (P = 0.008) and adenoid cystic histology (P = 0.009) were significantly associated with decreased LRC. Chemotherapy was not associated with LRC on either univariate (P = 0.636) or multivariable analysis (P = 0.888). Possibly owing to the small number of events, no variables were associated with LRF on multivariable analysis, though there was a trend toward an association with positive SM (P = 0.147).
DISCUSSION
Malignant salivary gland tumors are a rare and diverse entity, with 24 distinct histologies recognized by the WHO classification. 13 Large retrospective series of patients identified the parotid as the most common site of malignancy, constituting approximately one-half of cases. 14,15 Complete 16 Retrospective series have shown improved outcomes with adjuvant RT in appropriately selected patients. 2, 17, 18 A Dutch series found improved local control with adjuvant RT among patients with stage T3-T4 tumors, close or positive margins, bone invasion, and PNI. Elective nodal irradiation has also been shown to reduce the nodal failure rate in patients with adenocarcinoma and mucoepidermoid histologies. 19 Although the benefit of adjuvant RT is supported by retrospective evidence, the rationale for adjuvant concurrent CRT in SGM is extrapolated from squamous cell carcinoma trials. RTOG 9501 demonstrated a 10% LRC benefit with the use of concurrent cisplatin, whereas the European Organisation for Research and Treatment of Cancer trial also demonstrated a survival benefit. 8, 9 A subsequent pooled analysis demonstrated that ENE and positive margins predicted a survival benefit with cisplatin. 20 This survival advantage came at the cost of approximately doubling the rates of grade 3 or higher acute toxicity, which indicates that caution is warranted when extrapolating these results to different histologies. Although some data exist demonstrating response rates of SGM in the metastatic setting, prospective evidence for definitive or adjuvant concurrent CRT is even more limited. [21] [22] [23] Small retrospective series of patients with SGM treated with surgery and adjuvant RT with or without chemotherapy have demonstrated the approach to be well-tolerated and associated with high rates of LRC, though the small sample sizes have prevented analysis of the additional benefit of concurrent chemotherapy. 24, 25 A matched-pair analysis of 24 patients found that patients receiving adjuvant platinum-based CRT had a 3-year OS rate of 83% compared with 44% among those undergoing adjuvant RT alone, though a later series from the same institution was unable to replicate this benefit. 10, 11 The authors analyzed 140 patients with primary SGM treated with adjuvant RT alone (74%) or various concurrent CRT regimens (26%) and reported a 3-year PFS rate of 88%, which was not impacted by the addition of concurrent chemotherapy. 11 A recent analysis from the National Cancer Data Base also failed to demonstrate an OS benefit with the addition of chemotherapy to adjuvant RT, whereas an analysis from the SEER database found an increase in treatment toxicity and mortality with this approach. 26, 27 This analysis of 128 patients with primary SGM treated with definitive surgery followed by adjuvant IMRT within a large, National Cancer Institute-designated comprehensive cancer network demonstrated an overall 5-year PFS rate of 61%. T-stage, positive SM, and ENE were associated with decreased PFS. Our data demonstrated a high rate of LRC of 86% at 5 years, whereas 23.5% of patients developed distant metastatic disease at a median of 28 (range, 4 to 84) months. Only positive SM and ENE were associated with LR recurrence and distant metastasis, respectively. The use of concurrent chemotherapy was associated with decreased rates of PFS, OS, and distant control on univariate analyses. This was not a significant factor on multivariable analyses, suggesting that the apparent detrimental effect was due to patients at high risk of failure being selected for more intensive adjuvant treatment.
We performed an exploratory subset analysis of 54 patients considered at high risk of recurrence as defined by the inclusion criteria from RTOG 1008 to further investigate the potential benefit of CRT. 12 This subgroup had 2-and 5-year PFS rates of 70% and 45%, respectively. This compares favorably with the estimated 2-year PFS rate of 65% in the RTOG trial, which is powered to detect a 12% improvement in PFS. We were not able to demonstrate a significant impact with the addition of concurrent chemotherapy even in this group of patients with particularly high-risk features. The rate of grade 3 or higher acute toxicity was not significantly higher in the group receiving CRT, and the relatively low toxicity rate further suggests that the decreased rate of PFS among the concurrent CRT cohort was related to higher baseline risk factors rather than the additional toxicity of chemotherapy.
Treatment was well-tolerated overall in the present study. Only 13% experienced grade 3 or higher acute toxicities, which may be due to the fact that all patients were treated using IMRT. A prior series of patients treated exclusively with adjuvant IMRT found overall grade 3 mucositis, dermatitis, and esophagitis rates of 14%, 11%, and 6%, respectively. 24 To our knowledge, the present study is the largest available series of patients with SGM treated with adjuvant IMRT, which has been shown in other head and neck malignancies to reduce acute and late xerostomia. 28 Our data demonstrated late grade 2 toxicity rates of 9.0%, though this number is likely underreported and prevents any meaningful comparison with prospectively gathered data.
Additional limitations of this study include its retrospective design and inherent problems with selection bias. Although the majority of SGM do arise from the parotid gland, this disease site was overrepresented in our data. There were also very few minor salivary gland tumors recorded, likely due to limitations from querying our database utilizing ICD-9 coding. Although our data did not show any conclusive benefit or detriment with the use of concurrent CRT, this may be due to lack of statistical power due to the number of patients receiving concurrent chemotherapy or confounding bias from elevated baseline risk factors causing patients to be selected for more intensive treatment. Multivariable analysis was used in an attempt to control for this imbalance in risk factors, though it is not possible to fully eliminate this bias from a retrospective study. Furthermore, adjuvant CRT regimens administered were heterogenous, which could obscure the beneficial effect of a particular agent.
Despite these limitations, the present study reports 5-year outcomes of a relatively large group of patients diagnosed with a rare malignancy undergoing adjuvant treatment utilizing IMRT technique with or without concurrent chemotherapy. This retrospective analysis of patients treated with adjuvant IMRT demonstrated high rates of LRC and PFS rates that compare favorably with previously published data. The use of concurrent chemotherapy was well-tolerated but was associated with decreased PFS in comparison with adjuvant RT alone on univariate analysis. This was not seen on multivariable analysis, suggesting that the apparent effect was due to higher rates of adverse pathologic risk factors in this group, resulting in selection of these patients for treatment intensification. Considering the potential for increasing the toxicity of an already difficult treatment regimen by adding an additional modality without proven efficacy, caution should be used with utilizing concurrent chemotherapy for treatment of SGM until randomized evidence becomes available.
